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(57) Abrege(suite)/Abstract(continued):

seals located In a circumferential direction of the ring on opposing sides of the pivotal mounting of the ring and has at least one Inlet
for receiving pressurized fluid. The circumferential extent of the first chamber Is greater along a portion for applying force to the ring
In a second pivotal direction than along a portion for applying force In the first pivotal direction such that a net force Is applied In the
second pivotal direction. A second chamber has at least one outlet for receiving pressurized fluld such that the entire
circumferential extent of the second chamber applies force to the ring in the second pivotal direction.
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Abstract

A variable displacement vane pump has a plurality of seals between the inner
surface defining the housing’s internal chamber and an outer surface of the control ring. The
seals detine pressure regulating chambers. A first chamber is defined between a pair of seals
located in a circumferential direction of the ring on opposing sides of the pivotal mounting of
the ring and has at least one 1nlet for receiving pressurized fluid. The circumferential extent
of the first chamber 1s greater along a portion for applying force to the ring in a second pivotal
direction than along a portion for applying force in the first pivotal direction such that a net
force 1s applied in the second pivotal direction. A second chamber has at least one outlet for
recerving pressurized fluid such that the entire circumferential extent of the second chamber

applies force to the ring in the second pivotal direction.
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VARIABLE DISPLACEMENT PUMP WITH MULTIPLE PRESSURE CHAMBERS

Field of the Invention

[0001] The present invention relates to a variable displacement pump, and particularly

one with multiple pressure chambers.
Background

10002] Variable displacement multi-chamber pumps are known in the art. However,
these pumps typically have shortcomings, such as leakage issues between the control ring and

housing and a limited range of pressure outputs. Examples of such pumps are disclosed in US

2009/0196780 A1, US 2010/0329912, US 8,057,201, US 7,794,217, US 4,678,412.

Summary of the Invention

[0003] One aspect of the present invention provides a variable displacement vane
pump comprising: a housing comprising an inner surface defining an internal chamber, at
least one 1nlet port and at least one outlet port; a control ring pivotally mounted within the
internal chamber, the control ring having an inner surface defining a rotor receiving space;
and a rotor rotatably mounted within the rotor receiving chamber space of the control ring,
wherein the rotor has a central axis eccentric to a central axis of the rotor receiving space. The
rotor comprises a plurality of radially extending vanes mounted to the rotor for radial
movement and sealingly engaged with the inner surface of the control ring such that rotating
the rotor draws tluid 1n through the at least one inlet port by negative intake pressure and
outputs the fluid out through the at least one outlet port by positive discharge pressure. A
resilient structure urges the control ring 1n a first pivotal direction. A plurality of seals
between the inner surface define the housing's internal chamber and an outer surface of the

control ring, the seals defining a plurality of pressure regulating chambers comprising a first

chamber and a second chamber each for receiving pressurized fluid.

[
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[0004] The first chamber 1s defined between a pair of seals located 1n a circumferential
direction of the ring on opposing sides of the pivotal mounting of the control ring and having at
least one 1nlet for receiving pressurized fluid, the circumiterential extent of the first chamber
being greater along a portion for applying force to the ring 1n a second pivotal direction than
along a portion for applying force 1n the first pivotal direction such that a net effect 1s an
application of force 1n the second pivotal direction. The second chamber 1s defined between a
pair of scals located 1n the circumferential direction of the ring and has at least one inlet for
recerving pressurized fluid such that the entire circumfterential extent of the second chamber

applies force to the ring in the second pivotal direction.

[0005] Other objects, features, and advantages of the present invention will become
apparent from the following detailed description, the accompanying drawings, and the appended

claims.

Briet Description of the Drawings
[0006] Figure 1 1s a plan view of a variable displacement pump with the cover removed,;

[0007] Figure 2 1s a plan view of a prior art variable displacement pump with the cover

removed; and

[0008] Figure 3 1s the same view as Figure 1 with lines added to show the chamber

extents.

Detailed Description of the Illustrated Embodiment(s)

[0009] The 1llustrated embodiment 1s a variable displacement vane pump, generally
indicated at 10. The pump comprises a housing 12, a control ring 14, a rotor 16 and a resilient

structure 18, as 1s known 1n the art.

[0010] The housing 12 comprises an inner surface 20 defining an internal chamber 22, at
least one 1nlet port 24 for intaking fluid to be pumped (typically o1l in the automotive context),
and at least one outlet port 26 for discharging the fluid. The 1nlet port 24 and outlet port 26 cach

may have a crescent shape, and be formed through the same wall 27 located on one axial side of
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the housing (with regard to the rotational axis of the rotor 16). The 1nlet and outlet ports 24, 26
are disposed on opposing radial sides of the rotational axis of the rotor 16. These structures are
conventional, and need not be described 1n detail. Other configurations may be used, such as

differently shaped or numbered ports, etc.

[0011] The housing 12 may be made of any material, and may be formed by powdered
metal casting, forging, or any other desired manufacturing technique. The housing 12 encloses
the internal chamber 22. In the drawings, the main shell of the housing 12 1s shown, with the
wall 27 defining one axial side of the chamber 22, and a peripheral wall 28 extending around to
surround the chamber 22 peripherally. A cover (not shown) attaches to the housing 12, such as
by fasteners inserted into various fastener bores 30 provided along the peripheral wall 28. The
cover 18 not shown so that the internal components of the pump can be seen, but 1s well known
and need not be detailed. A gasket or other seal may optionally be provided between the cover

and peripheral wall 28 to seal the chamber 22.

[0012] The housing includes various surfaces for accommodating movement and sealing

engagement of the control ring 14, which will be described in further detail below.

[0013] The control ring 14 1s pivotally mounted within the internal chamber 22.
Specifically, a pivot pin or like feature 32 1s provided to control the pivoting action of the control
ring 22. The pivot pin 32 as shown 1s mounted to the housing 12 within the chamber 22, and the
control ring has a concave, semi-circular bearing surface 34 that rides against the pivot pin 32.

In some embodiments, the pivot pin 32 may extend through a bore 1n the control ring 14, rather
than within a concave external bearing recess. The pivotal connection may have other

configurations, and these examples should not be considered limiting.

[0014] The control ring 14 has an inner surface 36 defining a rotor receiving space 38.
The rotor receiving space 38 has a generally circular configuration. This rotor receiving space
38 communicates directly with the inlet and outlet openings 24, 26 for drawing 1n o1l or another
fluid under negative intake pressure through the inlet port 24, and expelling the same under

positive discharge pressure out the outlet port 26.

[0015] The rotor 16 1s rotatably mounted within the rotor receiving space 38 of the

control ring 14. The rotor 16 has a central axis that 1s typically eccentric to a central axis of the
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rotor recerving space 38. The rotor 16 1s connected to a drive input 1n a conventional manner,

such as a drive pulley, drive shaft, or gear.

[0016] The rotor 16 comprises a plurality of radially extending vanes 40 mounted to the
rotor 16 for radial movement. Specifically, the vanes 40 are mounted at their proximal ends 1n
radial slots 1 the central ring or hub 42 of the rotor 1n a manner that allows them to slide
radially. Centrifugal force may force the vanes 40 radially outwardly to maintain engagement
between the vane’s distal ends and the mner surface 36 of the control ring 14. This type of
mounting 18 conventional and well known. Other variations may be used, such as springs or
other resilient structures 1n the slots for biasing the vanes radially outwardly, and this example 18
not limiting. Thus, the vanes 40 are scalingly engaged with the inner surface 36 of the control
ring 14 such that rotating the rotor 16 draws fluid 1n through the at least one inlet port 24 by
negative intake pressure and outputs the fluid out through the at least one outlet port 26 by
positive discharge pressure. Because of the eccentric relationship between the control ring 14
and the rotor 16, a high pressure volume of the fluid 1s created on the side where the outlet port
26 18 located, and a low pressure volume of the fluid 1s created on the side where the inlet port 24
1S located (which in the art are referred to as the high pressure and low pressure sides of the
pump). Hence, this causes the intake of the fluid through the inlet port 24 and the discharge of
the fluid through the outlet port 26. This functionality of the pump 1s well known, and need not

be detailed further.

[0017] The resilient structure 18 urges the control ring 14 1n a first pivotal direction.
Specifically, the first pivotal direction 1s the direction that increases the eccentricity between the
control ring and rotor axes. All else being static or equal, the amount of eccentricity dictates the
flow 1n the pump, and assuming the restriction remains constant also dictates the relative
difference between the discharge and intake pressures. As the eccentricity increases (the
maximum position 18 shown 1n the Figures), the flow rate of the pump increases. Conversely, as
the eccentricity decreases, the tflow rate of the pump also drops. In some embodiments, there
may be a position where the eccentricity 18 zero, meaning the rotor and ring axes are coaxial. In
this position, the flow 1s zero, or very close to zero, because the high and low pressure sides have
the same relative volumes. Again, this functionality of a vane pump 1s well known, and need not

be described in further detail.
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[0018] In the 1llustrated embodiment, the resilient structure 18 1s a spring, such as a coil
spring. The housing 12 may include a spring receiving portion 44, defined by portions of the
peripheral wall 28 to locate and support the spring 18. The receiving portion 44 may include
side walls 45, 46 to restrain the spring 18 against lateral deflection or buckling, and a bearing
surface 47 against which one end of the spring i1s engaged. The control ring 14 includes a
radially extending bearing structure 48 defining a bearing surface 49 against which the resilient

structure 18 engaged. Other constructions or configurations may be used.

[0019] A plurality of seals 50, 52, and 54 are provided between the inner surface 20
defining the housing’s internal chamber 22 and an outer surface 56 of the control ring 14. The
seals 50, 52, and 54 define a plurality of pressure regulating chambers comprising a first
chamber 58 and a second chamber 60 each for receiving fluid pressure. In the illustrated
embodiment, two chambers are shown; however, in some embodiments more chambers could be
used for finer control over pressure regulation. Similarly, although three seals are shown,

additional seals could be used to define the plurality of chambers.

[0020] The first chamber 58 1s defined between a pair of seals 52, 54 located 1n a
circumierential direction of the ring 14 on opposing sides of the pivotal mounting of the control
ring 14. That 1s, a circumferential portion 62 of the chamber 58 extends on one side of the pivotal
mounting, 1.¢., pivot pin 32, and another circumferential portion 64 of the chamber 58 extends on
the other side of the pivotal mounting. Another way this can be described 1s with reference to
the pump’s centerline 33, extending from the pivot pin to the seal 50 defining the distal end of
the second chamber 60, as the portion 62 1s on one side of that centerline and the portion 64 1s on
the other side of that centerline. The first chamber has at least one inlet 66 for receiving
pressurized fluid. For example, the least one inlet port 66 may be communicated with the at least
on¢ outlet port 26 of the housing 12 for recerving the pressurized fluid under the positive
discharge pressure. The pressurized fluid may be received from other sources of positive
pressure as well, such as the engine o1l gallery, piston squirters, etc., and diversion of the

discharge pressure is not intended to be limiting.

[0021] The circumferential extent of the first chamber 58 1s greater along the portion 62
for applying force to the ring 14 1n a second pivotal direction than along the portion 64 for

applying force in the first pivotal direction. That 1s, because the circumferential portions 62, 64
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extend on opposing sides of the pivotal mounting, when positive pressure 1s supplied to the
chamber 58, one portion 62 will act 1n the second pivotal direction against the resilient structure
18, while the other will act 1n the first pivotal direction with the resilient structure 18. Because
portion 62 1s larger than portion 64, and also because they are the same chamber 58 and will
have the same pressure supplied thereto, the net effect 1s an application of force in the second

pivotal direction.

[0022] The configuration of the first chamber 58 also has an optional advantage of
reducing fluid leakage between the control ring 14 and housing 12. Specifically, the area outside
the control ring 14 that 1s not occupied by the chambers 58, 60 1s typically subject to low or no
pressure, such as the negative intake pressure or ambient pressure from outside the housing.

This creates a differential relative to the high pressure side inside the ring 14, which can
encourage leakage of the fluid from between the axial faces of the ring 14 and the housing walls.
In prior art devices, this 1s an 1ssue because any pressure chamber 1s limited to one side of the
pivotal mounting, and thus the entire arca on the opposite side of the pivotal mounting 1s subject
to low or no pressure. Since the high pressure side within the ring 14 typically extends 1n part
radially past the pivotal mounting, this means there 1s an area of radial alignment between the
high pressure side inside the ring 14 and the low or no pressure area outside the ring 14, which
exacerbates this 1ssue. This can be seen 1in Figure 2, which shows a prior art construction with an
arrow pointing into the low or no pressure arca below the pivotal mounting (which where sealing

defines the end of the chamber).

[0023] In the 1llustrated embodiment, however, the first chamber 58 extends on both
sides of the pivotal mounting, and specifically 1t has portion 64 extending on the side of the pivot
pin 32 where 1t acts 1n the first pivotal direction. Thus, this extends the zone of high pressure
outside the ring 14 so that there 18 less arca of low or no pressure radially aligned with the high
pressure side nside the ring 14. In turn, this reduces the amount of leakage between the ring 14
and housing 12. As can be seen 1n Figure 3, the line extending below the pivot pin 32 shows the
radial alignment or overlap between that portion 64 of the first chamber and the outlet port 26

(shaded) on the high pressure side 1n the ring 14.

[0024] The second chamber 60 1s also defined between a pair of seals 50, 52 located in

the circumferential direction of the ring 14. As illustrated, the two chambers 58, 60 may share a
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common scal 52 defining the adjacent ends of the chambers, although 1t 1s possible for them to
be defined by completely separate pairs of secals also. The chamber 60 also has at least one inlet
68 for receiving pressurized fluid such that the entire circumferential extent of the second
chamber applics force to the ring in the second pivotal direction. The seal 50 defining the end of
the second chamber 60 1s attached to the radially extending bearing structure 48, against which
the spring 18 bears. The pressurized fluid may be received from any source of positive pressure,
such as the outlet port 26 of the housing 12, the engine o1l gallery, piston squirters, etc. The
source of the pressurized fluid 1s not intended to be limiting. A valve, such as a solenoid or any
other type of valve, may be used to control the delivery of pressurized fluid to the second control
chamber 60 1n any suitable manner. The source of pressure for the second control chamber may
be different than the first chamber, and a lower pressure may be used 1n the second chamber 1n

same embodiments.

[0025] The control ring 14 comprises a radially extending projection 70 between the first
and second chambers 58, 60. The common seal 52 1s attached to the radially extending
projection 70. The radially extending projection 70 may be defined by two converging surfaces,

as 1llustrated.

[0026] The control ring 14 also comprises a radially extending projection 72 at an end of
the first chamber 58 opposite the second chamber 60, namely the end on the opposite side of the
pivot pin 32 where the action 1s 1n the first pivotal direction. That projection may also be defined
by two converging surfaces. The seal 54 1s attached to that radially extending portion 72. These

projections 70, 72 may have any other construction or configuration.

[0027] The housing’s peripheral wall 28 also has recessed arcas 1n which the structures
carrymg the seals 50, 52, 54 arc located. Those recessed arcas are configured based on the travel
of the ring to enable the seals 50, 52, 54 to maintain contact therewith throughout the range of
movement for the ring 14 and ensure the sealing. The specific gecometry 1llustrated 1s not
intended to be limiting, and may vary depending on the specific location of the seals, the amount

of travel permitted for the ring, the overall packaging of the pump 10, etc.

[0028] With this construction, a wide range of pump output pressures can be achieved,
while still having a relatively large size for the first chamber 58, and particularly the portion 62.

The width or breadth of the range of pump output pressures 1s a function of the difference in
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forces applied by the first and second chambers 58, 60. In the prior art, the typical way to achieve
this was to make the first chamber close to the pivot point relatively small, thus causing it to apply
a corresponding smaller amount of force acting against the spring when supplied with pressure.
Conversely, the second chamber was made relatively large, so as to apply a large amount of force
when supplied with pressure. However, if the first chamber is made too small, then the second
chamber may extend in radial alignment with the high pressure side inside the control ring, thus
encouraging leakage during the times when no pressure is being supplied to the second chamber.
This can be seen in Figure 2, showing the prior art with an arrow indicating the leakage path from
the control ring's internal high pressure side and the second chamber. Thus, the prior art has an
inherent tension between decreasing the first chamber size in order to increase the difference in
forces applied by the first and second chambers, and limiting leakage into the second chamber

when it 1s not subject to pressure.

[0029] The contiguration of first chamber 58 in the illustrated embodiment, however, can
reduce or eliminate that issue. Because the portion 64 of chamber 58 counteracts portion 62,
portion 62 can be made larger and extend further circumferentially from the pivotal mounting
without increasing the net force applied by the first chamber 58 in total. That is, since portion 64
acts in the first pivotal direction and portion 62 acts in the second pivotal direction, the net
application of force is the difference between the two. This allows the pump designer to extend
the location of seal 52 further away from the pivotal mounting, thus reducing or eliminating the
radial alignment between the second chamber 60 and the high pressure side/outlet port within the
control ring 14 where leakage can occur. The portion 64 is more than de minimis so as to have
actual influence on the control ring. Preferably, the portion 64 extends for at least 15 degrees from
the pivotal mounting, and more preferably at least 30 degrees, with a preferred range of 20 to 50
degrees. Also, the ratio of the circumferential extent (in terms of degrees) of the chambers 58 to
chamber 60 is preferably no more than 2.5, and may be no more than 3, with a preferred range of

ratios between 0.75 and 2.25.

[0030] In the 1llustrated embodiment,‘the seal 52 1s about 100 degrees from pivot
mounting, but it could be more or less depending on various factors, such as packaging

constraints, desired pressure range, etc. For example, the seal could be located at anywhere

between 50-120 degrees.

||
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[0031] The foregoing embodiments have been provided solely to illustrate the functional
and structural principles of the present invention, and should not be regarded as limiting. To the
contrary, the present invention encompasses all modification, alterations, and substitutions

within the spirit and scope of the appended claims.
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CLAIMS:

]. A variable displacement vane pump comprising:

a housing comprising an inner surface defining an internal chamber, at least

one 1nlet port and at least one outlet port;

a control ring pivotally mounted within the internal chamber, the control ring

having an inner surface defining a rotor receiving space;

a rotor rotatably mounted within the rotor receiving chamber space of the
control ring, wherein the rotor has a central axis eccentric to a central axis of the rotor

rece1ving space;

the rotor comprising a plurality of radially extending vanes mounted to the
rotor for radial movement and sealingly engaged with the inner surface of the control ring
such that rotating the rotor draws fluid in through the at least one inlet port by negative intake
pressure and outputs the fluid out through the at least one outlet port by positive discharge

pressure;

a resilient structure configured to urge said control ring in a first pivotal

direction;

a plurality of seals of said plurality of seals between the inner surface defining

the housing's internal chamber and an outer surface of the control ring, the seals defining a
plurality of pressure regulating chambers comprising a first chamber and a second chamber

each for receiving pressurized fluid;

wherein the first chamber 1s defined between a pair of seals of said plurality of

seals located 1n a circumferential direction of the ring on opposing sides of the pivotal
mounting of the control ring and having at least one inlet for receiving pressurized fluid, the
circumferential extent of the first chamber being greater along a portion for applying force to
the ring 1n a second pivotal direction than along a portion for applying force in the first pivotal

direction such that a net effect is an application of force in the second pivotal direction; and

10
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wherein the second chamber is defined between a pair of seals of said plurality
of seals located 1n the circumferential direction of the ring and has at least one inlet for
recerving pressurized fluid such that the entire circumferential extent of the second chamber

applies force to the ring in the second pivotal direction.

2. A variable displacement pump according to claim 1, wherein a common seal,
that 1s a member of both the pair of seals between which the first chamber is defined and is a
member of the pair of seals between which the second chamber is defined defines adjacent

ends of the first and second chambers.

3. A variable displacement pump according to claim 1, wherein the resilient

structure 1S a spring.

4, A variable displacement pump according to claim 3, wherein the spring is a

coll spring.

S, A variable displacement pump according to claim 1, wherein the control ring
includes a radially extending bearing structure defining a surface against which the resilient

structure 1S engaged.

6. A variable displacement pump according to claim 5, wherein a seal of the pair
of seals between which the second chamber is defined, defining an end of the second chamber

1s attached to said radially extending bearing structure.

7. A variable displacement pump according to claim 2, wherein said control ring

comprises a radially extending projection between the first and second chambers, the common

seal being attached to the radially extending projection.

8. A variable displacement pump according to claim 7, wherein said radially

extending projection 1s defined by two converging surfaces.

9. A variable displacement pump according to claim 1, wherein said control ring

comprises a radially extending projection at an end of the first chamber opposite the second

11
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chamber, a seal of the pair of seals between which the second chamber is defined being

attached to the radially extending portion.

10. A variable displacement pump according to claim 1, wherein the at least one
inlet port of the first chamber is communicated with the at least one outlet port of the housing

for recetving the pressurized fluid under the positive discharge pressure.

12
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